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. Either healthy or diseased persons can easily have titres ranging from zero to 1/250 or more. Tsuchiya et al. (1961) demonstrated the feasibility of serological typing of yeasts, notably Candida spp. By use of mono-specific agglutinating sera they showed that Candida spp. possess a score or so of antigens of which any single species possesses somewhere between 3 and 7. It is comforting to note that this somewhat cumbersome procedure has confirmed identifications made by traditional biochemical methods. Hasenclever & Mitchell (1961) demonstrated that there are two serological types of C. albicans, one apparently identical with C. tropicalis and the other with C. stellatoidea, but that both types of C. albicans were equally pathogenic in experimental animals and more so than either of the other two species.
Group 3 There are many mycoses for which no serological tests exist; attention will be confined to actinomycetoma because some progress has recently been made in providing serological tools for diagnosing this group of diseases caused by aerobic actinomycetes. Gonzalez-Ochoa & Vazquez (1953) (Sargeant et al. 1961) . The total toxic material produced by this mould has been named aflatoxin. The composition of the toxin, which is a mixture, is variable and is believed to depend upon such factors as the strain of the fungus, substrate, microclimate and extraction procedures. The four major constituents, named aflatoxins B1, B2, G1 and G2 (so termed as they produce blue and green fluorescence under ultraviolet light) have been isolated; analyses suggest the formula C17H1206 for B1 and C17H1207 for G1. The dihydro-derivatives, B2 and G2 analyse for C17H1406 and C17H1407 respectively (Asao et al. 1963) . The toxicity of the four major compounds for 50 g ducklings has recently been determined ).
Aflatoxin B1 is the most toxic and is the major component in naturally infected groundnuts. The LD50 dose for day-old ducklings is 18 2 ,ug. Aflatoxin G1 appears to be more readily produced in laboratory cultures than in naturally infected materials and is less toxic at 39-2 ,ug. The LD50 doses for the hydrogenated compounds B2 and G2 are 84-8 ,ug and 172-5 ,ug (1961) first demonstrated this effect in feeding trials with rats. Nine of 11 weanling rats fed a purified diet containing 20 % toxic Brazilian groundnut meal for seven months developed multiple liver tumours. These observations were confirmed by Schoental (1961) who induced primary liver tumours in rats by feeding MRC Diet 18 containing 15 % toxic groundnut cake for twelve months. Assuming that these groundnut products contained about 6 ppm aflatoxin, which is the amount found in a representative sample of Brazilian meal, then the amount present in the rations was between 90 and 120 ppm.
In France, Le Breton et al. (1962) found that feeding a diet containing 16 % toxic meal to weanling rats for five to six weeks, and then maintaining them on an innocuous ration, induced liver tumours after the same latent period as those maintained on the toxic ration throughout.
Ducks have also been shown to be affected by the carcinogen in toxic groundnut meal. Carnaghan (1964) found that 11 ducks, survivors of a group of 37, fed a ration containing 0.50% Brazilian groundnut meal for fourteen months developed hepatic tumours. The amount of aflatoxin in the ration was 0 03 ppm.
By comparison with other well-established tumour-inducing chemicals it is evident that toxic groundnut meal contains an extremely potent carcinogen. As no tumours occurred in control animals fed non-toxic groundnut meal in the experimental work cited, it seems reasonable to assume that aflatoxin is the carcinogenic material in toxic meals.
In man a high incidence of primary liver cancer occurs in certain racial groups. The age-adjusted incidence of primary hepatomas per 100,000 population is only [0] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] It has been suggested that the high incidence of primary liver cancer in man in parts of Africa may be due to the intake of senecio alkaloids (Cook etal. 1950) . Comparison ofthe susceptibility of domestic and laboratory animals to aflatoxin and to Senecio jacobea, which is the common British example of poisoning by senecio alkaloids, shows a striking similarity (Table 1) . This similarity is not confined to the pattern of susceptibility; the lesions produced in the acute disease by both poisons are similar. In cattle, the clinical disease and hepatic changes produced by toxic groundnuts and by ragwort have been described as indistinguishable (Loosmore & Markson 1961) . Furthermore, Schoental (1961) stated that the hepatic tumours produced in rats by toxic groundnut meal and those caused by the senecio alkaloids are very similar.
Other foodstuffs in addition to groundnuts have been found to be infected by toxin-pro-ducing strains of A. flavus. In the United States, maize was found to be infected by A. flavus and Penicillium rubrum and was responsible for disease in pigs (Burnside et al. 1957 ) and in dogs (Bailey & Groth 1959) . Toxic maize samples have also been recorded from tropical Africa (Camaghan & Allcroft 1962) and from South Africa (Merwe et al 1963) . Under laboratory conditions the fungus grows readily and produces toxin in rice, wheat, soy-bean and rye (Armbrecht et al.
1963).
A. flavus requires warm, humid conditions for growth. Under experimental conditions Austwick & Ayerst (1963) found that the fungus would not grow at relative humidity below 80 and the optimum temperature for growth was 33°C. These physical conditions are found in the geographical regions in which cancer of the liver in man is common.
Aflatoxin is not inactivated by dry heating to 160°C for one hour nor by steam heating and is therefore unlikely to be affected by cooking.
The experimental observations so far carried out on the carcinogenic properties of aflatoxin are sufficient to indicate that it is an extremely potent carcinogen and there can be little doubt that work in progress will demonstrate that the carcinogenicity of this mycotoxin is considerably greater than initial results have shown.
The effect of aflatoxin on man is not known. The results in laboratory animals suggest that the possibility of an association between the presence of mycotoxins of this type in food and the incidence of primary liver cancer in man warrants serious consideration. Dr W H Butler (University College Hospital Medical School, London) In a recently completed series of experiments (Butler & Barnes 1963) we have shown that liver tumours can be produced in nearly all rats with continuous feeding of toxic groundnut meal, found on assay to contain 0'7-078 ppm aflatoxin Bl. This corresponds to a daily intake of 10 pg. Further experiments using crystalline toxin have shown that feeding a total of 2-5 mg over eightynine days produced liver tumours in 3/3 rats up to one year later (Barnes & Butler 1964 ).
These experiments demonstrate that aflatoxin is one of the most active liver carcinogens known.
